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Figure 15. The Incremental Fountain Lift is Highest With Four Nozzles
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FIgure 16. The Temperature Effect Appears to Decrease with Increasing Temperature
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easier. The reasons for this temperature effect are not apparent from the presenttests and additional investiga tions must be acc-&nplished to verify the effect and dis-cover its cause. Additional temperature effects for single nozzles with various flatplates are presented in Appendix A.

3.1. 3 WIND AND PITCH EFFECTS. The effect of wind over deck on the inducedforces and moments has been investigated for two medium spaced nozzles with a rec-tangular plate. The wind effect on the total forces and moments with two nozzles ispresented in Figure 17. Significantly large total induced lift losses and a nose-uppitching moment are shown due to the 30 knot wind. Note that this data includes theeffect of wind on the plate. However , the incremental or net fountain effect is actuallymore positive in the presence of the 30 knot wind , as shown in FIgure 18. This posi-tive increase is not due to a stronger fountain core (Section 3.3), but ‘s due to a changein the flow pattern below the blocking surface tha t leads to a decrease in the negativeinterference effects of the fountain. The interference effects are discussed in furtherdetail in Section 3. 6. It is noted that a slightly different testing technique was requiredto determine the incremental foun tain effect in the presence of a crosswind. Since thenozzles are not located in the center of the plates, which results in nonsymmetriceffects in a crosswind , it was necessary to test each half of the plate with its nozzleoperative in the presence of its mirror image . The sum of the individual plate loadswas then compared with the total load with both nozzles , as shown in Figure 19 todetermine the incremental net fountain effect.

Pi tch effects were briefly addressed with the two moderately spaced nozzles. Theeffec t on the total induced forces and moments is shown in Figure 20. The irregularna ture of the data as a function of model height for 10 degrees pitch is indicative ofthe complicated recirculatj on flow pattern. Integrations of the limited fountain core
data , Figu re 38 in Section 3.3. 2, show a slightly weaker fountain at h/D = 5, which isconsistent with the force data of Figure 20.

3.2 VELOC I TY

F low velocities and directions In the fountain core have been determined with the
pr~•ssure rake described in Section 2. Representative plots that illust rate the basicfoun t ain flow cha racteristics for two, three , and fou r nozzles are presented in this
S&~(t  U)l1

F k v ~ direct ions in the fountain formed between two nozzles, which are 12.76 nozzle
dl a : r I t • tv r s  ipart (d1/D 6.38), are shown in Figure 21 for several model heights..

~~ 
~~~~~~~~~~~~~~ \v ere made at three heights in the fountain except for the lowest model

h ~h t , h 1)  2 . 5 , where physical restrictions of the rake size reduced the sweeps to
he ‘~:isht-d lines indicate the fountain flow directions derived from the measured

he two nozzle configuration forms a fountain “sheet.” A similar flow sys—i ( - U I  &-uu Id he developed by rotating the ground jets emitting from each nozzle upward
I I  1 l I t  thin g thei r intersection , as illustrated in Figure 22 and compared to right
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Figure 18. Wind Increases the Fountain Lift Increm ent

hand side of Figure 21. The streamlines in the intersection (Y-Z) plane are generally
linear and well behaved . The foun tains have a non—linear pattern in the X-Z plane
indicative of the effects of mass entrainment and the decay of the fountain strength. A
comparison between the measured flow angles (0F~ 

of Figure 21 at h/D = 5.0 and
angles obtained by extending and rotating the ground jet is presented in Figure 23.
Good agreement is obtained, thus verifying the rotated ground jet analogy for this two
nozzle configurat ~on.

Dynamic pressure contours for the same two nozzle configuration are presented in
FIgure 24 at an h/D of 5.0. The fountain “sheet” Is apparent at the lower rake heights.
At a height of 3.8 nozzle diameters (Z/D) the fountain has decayed to low values of
dynamic pressure and the contours have become irregular in shape.
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Figure 19. Additional Data Were Required to Isolate the Fountain Effect
in the Presence of a Wind
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